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Identification of ERF Properties
In the primary visual cortex, neurons with similar ocular dominance and orientation specificity are clustered into of Cortical Neurons To determine the ERF properties of cells in the primary columns (Hubel and Wiesel, 1977) . Neurons are also grouped together according to various classical revisual cortex of the cat, we used visual stimuli of sinusoidal gratings that drift at the optimal spatiotemporal freceptive field (CRF) properties, e.g., direction of movement (Payne et al., 1981; Shmuel and Grinvald, 1996;  quency for the neuron. We first located the center of the CRF by moving rectangular grating patches along Weliky et al., 1996), spatial frequency (Tolhurst and Thompson, 1981; Tootell et al., 1981; Shoham et al., the axes perpendicular or parallel to the optimal orientation of the cell, and the peak of the response profiles 1997), color (Tootell et al., 1988) , response latency, and temporal frequency (DeAngelis et al., 1999). Such groupfor both axes was defined as the center of the CRF. We then measured the CRF diameter by performing an ing suggests that clustering of cells with common response properties is a general rule of cortical organizaocclusion test, in which a mask of circular blank patch, concentric with the CRF, was gradually increased in size tion. Recent studies have shown that description based on CRF may not be sufficient for understanding some on the background of a full-field drifting grating ( Figures  1A and 1B) . The size of the mask at which the neuronal aspects of visual processing involving contextual information. Visual inputs from fields beyond CRF-the exresponse decreased to the spontaneous level was defined as the diameter of CRF. The ERF property of the tra-receptive field (ERF)-were found to inhibit or facilitate responses elicited by CRF stimulation ( . Regardless of whether the penetration was tangential, oblique, or normal to the cortical surface, two general characteristics of the neuronal distribution were observed. First, we found that adjacent neurons along the electrode track tended to have similar ERF properties, either inhibitory (S Ͻ 0) or facilitatory (S Ͼ 0). Second, the length of electrode track covering neurons of similar ERF properties appeared to be limited, with each electrode track encountering several groups of neurons that alternated between inhibitory and facilitatory ERF properties. In total, twenty electrode penetrations were performed, among which six were relatively normal to the cortical surface (see Figures 3D and 3E ). In these normal penetrations, the distribution of neuron groups with alternating inhibitory and facilitatory ERF properties was also found. This suggests that, unlike that for orientation and ocular dominance properties, cortical organization of neurons with respect to ERF properties is not columnar in the traditional sense; i.e., the response Figure 5A ). Both |⌬orientation| and |⌬S| were significantly lower at ERF property tend to aggregate in clusters, and such clusters are not arranged in either a columnar or laminar short distances and approached the grand average value expected from random pairing at 300-400 m (p Ͻ manner. To further determine the dimension of these clusters, we calculated the cluster length over a range 5 ϫ 10 Ϫ15 for orientation, p Ͻ 2 ϫ 10 Ϫ8 for ERF property, ANOVA). We also analyzed the clustering of eye domiof penetration angles from 0Њ to 90Њ ( Figure 4C ). We define a cluster as the ensemble of neurons with the nance from ten penetrations for which complete recordings of eye dominance were made. The probability same ERF property (either S Ͼ 0 or S Ͻ 0) recorded consecutively. Cluster length was calculated as the difof two cells showing the same eye dominance dropped to the chance level as their separation increased to Ͼ250 ference of penetration distance between the first neu- In the second analysis, we further examined the concolumns in the primary visual cortex. When the relationship between ERF clusters and ocular dominance colventional CRF property of neurons within and across ERF clusters. For the relationship between ERF clusters umn was analyzed, we noted that the change in ocular dominance did not coincide with any drastic change in and orientation columns, we calculated the difference of optimal orientation between two neighboring cells. the ERF property. Cells within the same ERF clusters often shifted their ocular dominance between ipsi-and As shown in Figure 5C (left panel), the distribution of orientation difference for neighboring cells of the same contralateral eyes. Furthermore, when the percentages of cells within each cluster (clusters that contain more ERF properties, which reflects changes in orientation preference within the ERF clusters, is highly skewed in than two cells) showing ipsilateral dominance were calculated, we found that a large number of clusters exhibit favor of small differences, with 65% of the pairs having an orientation shift of less than 40Њ. This distribution was percentages that represent no clear ocular preference ( Figure 5D ). This suggests that the distribution of ERF not significantly different from that found for neighboring cells of the opposite ERF properties, which reflects clusters is independent of the boundary of the ocular dominance column. Finally, the mean number of neuchanges in orientation preference across the boundary 
